3 of these patients and avoid surgery. In 2 operative fractures, the CT scan allowed them to change fixation plan (medial malleolar and tibial plafond fractures). Black et al 2 conducted a retrospective cross-sectional study of 100 patients using plain radiography and CT scanning. Operative strategy changed 24% of time with strong interobserver reliability between cases and strategy changes.
Other investigators have looked at the idea of missed injuries in ankle fractures with plain radiographs. For example, Ferkel et al 5 found that ankle fractures have a high incidence of concomitant intra-articular pathology not identified on plain radiographs. They found that syndesmosis disruption and intra-articular lesions were commonly unrecognized. [9] [10] [11] [12] [13] [14] We felt that CT might be of similar benefit in identifying injuries not recognized on plain radiographs. We wanted to know if preoperative CT would change our management plan. In addition, we wanted to know if there would be certain fracture patterns that would benefit more from a CT scan and better define the indications of CT scan in malleolar ankle fractures (MAFs).
Methods
We conducted a prospective study of 56 consecutive patients from October 2014 to April 2016 who presented to the emergency or outpatient department with at least 1 fractured malleolus. The patients were included if they presented within 3 weeks of injury and were 18 to 55 years of age. Exclusion criteria included serious medical comorbidities, nonambulatory patients, fractures involving the tibial plafond or distal tibia (AO type 43), pathological fractures, prior ankle surgeries, and lack of consent.
The mean ± standard deviation age of the 56 patients was 34.7 ± 11.7 years. In the study sample, 48 (85.7%) patients were male and 8 (14.3%) were female. Mechanism of injury was a fall from stairs in 14 (25%) cases, twisting of foot in 11 (19.6%) cases, and motor vehicle accident in 31 (55.4%) cases. Fracture distribution showed that the affected limb was right in 30 cases and left in 26 cases. Out of all the cases presenting to the hospital, 9 cases had received treatment prior to presentation in the form of a plaster splint and had radiographs with splints. Forty-seven cases presented acutely (ie, without any prior treatment). Ten cases had other associated injuries other than the malleolar fractures. Out-of-plaster radiographs were obtained for all 56 patients. Of 56 fractures, 22 were unimalleolar, 20 were bimalleolar, and 14 were trimalleolar. The fractures were classified according to AO-Weber classification; of 56 total, 20 were type A, 21 were B, and 15 were C.
Out-of-plaster plain radiographs (anteroposterior, lateral, and mortise views of the ankle and anteroposterior and lateral views of the ipsilateral knee joint with leg) and CT scans (axial cut aligned with bottom of foot) were done on all study participants. One orthopaedic senior resident and two orthopaedic consultants were the study reviewers. The team was given plain radiographs to evaluate the extent of injury and classify the fracture as per the AO classification. The reviewers were asked to make a management plan based on plain radiographs (Table 1) .
After this, they were given the CT of the same patients, and morphological characteristics and the fracture pattern in each AO fracture subtype were noted on the CT scan. A consensus among the 3 reviewers after evaluation of the CT scan was reached regarding the operative plan ( Table 2 ). Changes noted in the management plan following CT scan evaluation and important features noted on the CT scan for each AO/Weber subtype were recorded. Factors leading to a change in management plan following CT evaluation were analyzed (based on fracture and/or imaging characteristics).
Data were recorded for each individual operative plan before and after CT evaluation and were analyzed statistically. Descriptive statistics were used for data analysis. Frequency of change in management strategy was noted. Fisher exact test was used to find factors associated with changes in management planning (based on fracture and imaging parameters). Data were recorded on a Microsoft Excel (Microsoft, Redmond, WA) sheet and was analyzed by SPSS v20 (SPSS, Inc, an IBM Company, Chicago, IL). A P value of less than .05 was considered significant.
Results

Changes in Management Strategy
In 13 cases, the management plan made on the basis of radiographs was changed as a result of findings on CT. In 4 of these cases, an additional fracture was identified that was not seen on the original radiographs and was believed to warrant fixation. These included fractures of the anterolateral tibial plafond (Chaput) fragments and segmental lateral malleolar fractures. There were no changes in planned patient position, but in 8 cases, a different operative approach/incision was planned.
Statistical analysis revealed that the possibility of change of management plan was highest in AO type C followed by types B and A in descending order (P < .05) ( Figure 1 ). Significant linear-by-linear association was observed for number of malleoli, which implied a significant trend of change of management plan with an increasing number of malleoli in a fracture.
Morphological Characteristics
The CT scan of each patient was analyzed for additional morphological fracture characteristics with 39 of 56 patients having additional features on the CT scan. The most common finding was a Chaput fragment, which was seen in 17 cases (fixation deemed necessary in only 2 cases because of large size of fragment).
Posterior Malleolar Fractures
The posterior malleolus fragment was classified as described by Haraguchi et al. 7 There were a total of 16 cases in which a posterior malleolus fragment was found on CT. According to the findings described for type II by the authors, we subcategorized them as subtypes A and B. Six of the 13 cases had a change in the management plan due to better evaluation of the posterior malleolus on CT. Of these 6, 4 cases were type I, 1 was type IIA, and 1 case was type III.
A frequency distribution of Haraguchi's types with respect to AO types is given in Table 3 .
Isolated Fibular Fractures
There were a total of 10 cases of isolated fibular fractures. One was AO type A, and the rest (9) were type B. There was no isolated fibular fracture in the AO type C category. In 2 cases (longer length of plate in one and from conservative to operative in the other) among type B, the management plan was changed.
Discussion
The aim of our study was to analyze the role of CT in management planning for malleolar ankle fractures (AO type 44). In our prospective study, we observed that the management plan was changed 23.2% of the time, which is comparable to the retrospective study conducted by Black et al. 2 It is difficult to make meaningful conclusions representative of all malleolar ankle fractures from the study by Magid and colleagues as their study had a small cohort. Also, it included tibial plafond fractures and talus fractures, which were excluded in our study and in the study by Black et al. 2 Still, Magid and colleagues 12 discussed the utility of CT imaging in the operative treatment of ankle fractures. Also, Weber type B was the most common type of injury. But none of the previous studies give the incidence of fractures according to AO type.
It was interesting to note that 6 of the total 15 changes in 13 cases involved a change in fixation of the posterior malleolus (nonoperative to operative for posterior malleolus, 3 cases in AO type B and 3 cases in type C). This reinforced the finding that it was difficult to judge the size of the posterior malleolar fracture on plain radiographs (Figures 6  and 7) . 4, [6] [7] [8] Other studies have also described that CT is superior in detailing the fractures of the posterior malleolus while not specifically analyzing the role that CT scans can 6 also noted that compared with the CT scan measurement, 54% of the plain radiographic readings revealed there was more than 25% error in the assessment of the posterior malleolus size and plain radiographic interpretations erred in most cases by overestimating the size of the fragment, but major underestimations also occurred.
The change in fixation of the posterior malleolus observed in our study (40%) was more than that observed in a previous study (24%). 2 Also, Haraguchi and colleagues 7 mentioned that CT visualization of posterior malleolar fractures was a great aid in determining the approach and nature of fixation of the posterior malleolar fractures in their series. The number of cases with posterior malleolus fractures was fewer in our study compared with a previous study. 7 Our study reemphasizes the finding that type I is the most common type. But the findings are conflicting in cases of type II and type III. We modified the classification further by dividing type II into 2 subtypes, A and B. Subtype A had a single fracture line running from the fibular notch to the medial malleolus with a single large fragment. Subtype B had fracture lines with separate posteromedial and posterolateral fragments with a medial malleolus posterior colliculus fracture. Seventy-five percent of type II cases were subtype A in our study. The surgeon might prefer a posterolateral incision in type I and a posteromedial incision in type II. Both posteromedial and posterolateral incisions may be preferred to deal with type IIB, through which both medial and lateral malleoli would be encountered as well. It may be recommended to get a CT scan when a posterior malleolar fracture is evident as they are difficult to characterize on plain radiographs. Also, further classifying the posterior malleolus fractures may enable better management planning with respect to incisions and patient positioning, which may otherwise differ with respect to the location of fragments.
Similarly, a significant proportion of changes took place with lateral malleolus fractures (33.5%), most of which were AO type B (unimalleolar), indicating that lateral malleolus injuries were more prone to be missed than AO type B with isolated fibular fractures. In addition, 2 of the 15 changes in operative strategy involved a Chaput fragment, which was missed on plain radiographs (equally in AO types B and C). The incidence of change was 19% in a study by Black et al. 2 As the Chaput fragment was not visualized on plain radiography, CT scanning gave an indisputable advantage in assessing the fracture fragment. The Chaput fragment was missed on plain radiographs in AO types B and C in our study, which may indicate that type B and type C fractures are more likely to have a Chaput fragment compared with type A that would be missed on plain radiography. The amount of impact that it might have in the final outcome cannot be determined as the postoperative clinical assessment was beyond the scope of this study.
Alterations in fixation of the medial malleolus were responsible for 1 of the 15 changes in management plan. This was less than what was reported by Black et al, 2 who observed that in their study, a larger proportion of changes took place with medial malleolus fractures (30%), but they did not mention the AO type. This may indicate that medial malleolus fractures were not assessed completely on plain radiographs and may require a CT scan for more comprehensive assessment of fracture anatomy, which may lead to a change in operative strategy.
One of the 15 changes in management plan was due to a syndesmotic injury, which was missed on plain radiography. The above-mentioned change was noted in an AO type C fracture, which may suggest that plain radiographs may give an inadequate assessment of the syndesmosis in suprasyndesmotic injuries, whereas CT gives an extra advantage of more detailed assessment.
It is not surprising that ankle fractures with increased malleolar involvement and therefore increased severity of injury had notably increased rates of change in operative strategy, as reflected in our study. Increasing energy of injury (which also increases the chances of dislocation) as well as complex rotational injuries increase the likelihood that CT analysis will cause a notable change in operative strategy by detecting occult fractures and complex fracture lines. Increasing fracture severity is also predictive of increasing levels of intra-articular abnormality. 10, 11 In addition, poorquality preoperative radiographs (ie, only in plaster, poor penetration) increase the utility of CT in planning fracture fixation. It is objectively difficult to measure who had "good" and "poor" preoperative radiographs based on penetration, overlying splint material, and suboptimal orthogonal views.
2 While a CT is by no means a substitute for proper radiographs with orthogonal views, there are certainly clinical situations in which radiograph quality is poor despite all efforts to the contrary, and CT may be a helpful adjunct to analyze bone detail.
Our study determined that the association of the changes in management plan with AO types was significant with most changes occurring in AO type C followed by type B and type A, similar to Black et al, 2 but our study had the advantage of being prospective with consecutive cases and with a uniform CT protocol that was not used in previous studies. Interobserver agreement was not assessed in our study since it was not part of our study protocol as it was a consensus-based study. In addition, the method of the study was unblinded, whereby reviewers had access to both radiographs and CT scans in sequence. This was chosen as opposed to random, blinded analysis because it simulated real clinical situations, and thus we believed it would be more relevant to clinical practice.
Our study was limited by a relatively small sample size of 56. Whether change in operative strategy as a result of preoperative CT in ankle malleolar fractures has an overall favorable bearing on clinical outcome was not assessed in our study. Also, the clinical outcomes after changes in operative strategy and cost analysis because of additional CT were beyond the scope of this study. Concerns may be raised regarding the additional radiation from a CT, although the effective radiation dose from an average ankle CT is low and equivalent to 1 posteroanterior radiograph of the chest. 1 In conclusion, CT evaluation for management planning of malleolar ankle fractures compared to plain radiographs did show better fracture anatomy and detected fracture fragments that could alter fracture fixation modality, operative approach, or incision. The management plan changed in 23.2% of cases after CT evaluation in our study, which reemphasizes the role of CT scan in management planning of malleolar ankle fractures. Mostly the change of management plan occurred in AO type C followed by AO types B and A in descending order. The rate of change of management plan was directly related to number of malleolus fractures (ie, maximum in trimalleolar followed by bimalleolar and then unimalleolar). The morphological characteristics of malleolar ankle fractures were better evaluated on CT scans. The articular congruity, displacement of fracture fragments, and fracture geometry were better delineated on a CT scan than on plain x-rays, specifically the posterior malleolar fragment characteristics. In some cases, a stable ankle mortise would have been created with the original plan but, as supported by ankle arthroscopy studies, it might have led to a poorer outcome. 9, 14 We recommend that a CT scan might be considered in all AO 44 type B and C fractures.
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